Electrochemical behavior of brass electrode (Cu-40Zn) in oxalic acid solution was studied in the absence and presence of organic inhibitor 2-Mercaptobenzimidazole (2-MBI) with different concentrations at ambient temperature using voltammetry, general corrosion (Rp) and electrochemical impedance spectroscopy (EIS). The results showed that the electrochemical behavior of brass surface is similar to the copper one in the same conditions and revealed also the absence of the complexity phenomenon between the brass and the oxalate. Evolution of abandonment potential presents two different behaviors of electrode surface according to the concentration of organic inhibitor (2-MBI). Polarization curves showed that the addition of organic inhibitor (2-MBI) decreases the current density and shifts the anodic and cathodic branches towards more positive and more negative potentials. The plot of C/θ against the inhibitor concentration (C) shows that (2-MBI) strongly physisorbed on the brass electrode according to Langmuir isotherm. Measurements of polarization resistance and impedances show that the optimal concentration of the inhibitor is (0.5 mM) which gives a protection rate exceeds 89%.
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Introduction
Brasses are alloys containing copper with 5-45% in weight of zinc and other elements such as lead, tin, manganese, aluminum, which added in small proportions to improve certain properties [1, 2] . It is produced in a variety of compositions that are classified as monophasic [alpha (α)] and diphasic [α and beta (β)]. The diphasic brass is also known as duplex brass. The monophasic brasses are a continuous Cu-Zn solid solution up to about 35% zinc. In the diphasic brasses (> 35% zinc) the β phase hosts a great amount of zinc [3] . Zinc is significantly more soluble than copper once alloyed, and for this reason, it will leach faster than Cu leaving porous Cu-rich metal inclusions that is known as dezincification [4] . The ratio of Cu-Zn in commercial brass is approximately 60:40. This composition causes brass to form a diphasic microstructure composed of α -phase [face center cubic (FCC)] and β-phase [body center cubic (BCC)] [5, 6] . Despite its inoxidability character, these alloys are not 1 3
completely resistant to corrosion especially in acid medium [7] [8] [9] [10] [11] [12] . To date, corrosion of brass attracts great attention owing its importance in various technological and artistic applications [13] [14] [15] [16] . Several researchers have studied the corrosion and inhibition of brass in different mediums using different inhibitors [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] . However, the effect of the inhibitor called 2-mercaptobenzimidazol or (2-MBI) on corrosion of brass have been less studied as well as the effect of its concentration, for this reason our study was directed to study the electrochemical behavior of brass (Cu-40Zn) in a medium of oxalic acid in the absence and presence of organic inhibitor (2-MBI) with different concentrations to evaluate the protection capacity against the corrosion of brass surface according to inhibitor concentration. Corrosion currents, corrosion potential, inhibition efficiency, a , c and polarization resistance were also investigated.
Experimental
Electrochemical measurements [voltammetry, general corrosion (Rp) and electrochemical impedance spectroscopy (EIS)] were performed using a system Voltalab PGZ 402 controlled by a computer (software Voltamaster 4) with a cell of three electrodes; the saturated calomel electrode (SCE) as reference electrode, the platinum wire as counter electrode, the working electrode was used as brass (Cu-40Zn alloy) with geometrical surface S = 0.196 cm 2 and density D = 8.23 g/cm 3 . This electrode was treated before each manipulation by mechanical polishing for 2 min using sandpaper P400 and P1200 for finishing, then rinsing in nitric acid HNO 3 (5 M) for 30 s and finally well rinsed with distilled water. Oxalic acid dehydrate C 2 H 2 O 4 ·2H 2 O (biochem, 99.5%) was used to prepare the electrolytic solution or study medium, 2-MBI (C 7 H 6 N 2 S) (Sigma-Aldrich) was used as an inhibitor of corrosion. We have used in the all experiments (0.2 M) of oxalic acid at ambient temperature with pH = 1.18.
Results and discussion
Fig 1 shows a cyclic voltammogram of brass electrode (Cu-40Zn) in (0.2 M) of oxalic acid solution traced with scan rate 5 mV/s between − 1 and 2.5 V vs. SCE. In the outward scan (− 1 to 2.5 V vs. SCE), after a cathodic area, the cathodic kinetics in an aerated medium is controlled by the reduction of dissolved oxygen (in deaerated solution, the kinetics is controlled by reduction of protons). After that we can observe a stability zone between − 0.8 and − 0.1 V vs. SCE where the current density becomes in order of µA/ cm 2 , then we observe a fast increase of the current density corresponding to the active dissolution of metal. A very intense anodic peak A 1 appeared towards 0.16 V vs. SCE followed by a very broad zone (from 0.27 to 1.52 V) of current density very weak (µm/cm 2 ). This zone corresponds to the passivation of electrode following the formation of an oxide blocking layer. Lastly, starting from 1.52 V vs. SCE the current density starts to increase again which can be related to the reactivation of the brass surface. In the return scan, this polarization curve presents two cathodic peaks C 1 (E P = − 0.037 V vs. SCE) and C 2 (E p = − 0.530 V vs. SCE) followed by a cathodic branch of gaseous emission.
In order to identify the nature of these peaks (A 1 , C 1 , C 2 ), we have proceeded as follows: Figure 2 presents three polarization curves of brass electrode, in oxalic acid solution (0.2 M), drawn between a lower limit E i = − 1 V and an upper limit (E s = − 0.1, + 0.1 and + 0.4 V vs. SCE) traced with a scan rate of 10 mV/s. The cyclic voltammogram obtained for an upper limit E s = − 0.1 V vs. SCE has at forward scan two anodic peaks A 2 and A 3 and two cathodic peaks C 3 and C 4 in the return scan. Table 1 gives potentials values of the different peaks and its corresponding quantities of electricity, from the obtained results we can see that the 4 quantities of electricity for peaks (A 2 -C 3 ) on hand and (A 3 -C) on the other have the same order of magnitude. This shows clearly the presence of two redox couples ox 1 /red 1 (A 2 -C 3 ) and ox 2 /red 2 (A 3 -C 4 ). Figure 2b , c (E s = + 0.1 and E s = + 0.4 V vs. SCE) show that the cathodic peaks become more intense and wider peak (C 2 ). The calculated quantities of electricity below (Table 2) shows that the oxidized amount of electricity (Qox) is greater than the reduced one (Qred), this can be attributed that the dissolved amount of the metal was not reduced in totality, but a significant amount of its ions remain in solution. The sum of Q (C 3 ) + Q (C 4 ) (1.57 + 0.792 = 2.362 mC/cm 2 ) is very low compared with the amounts of electricity Q (C 2 ), this shows that the cathodic peak C 2 does not correspond to the sum of the two peaks C 3 and C 4 . Figure 3 presents another set of voltammograms obtained for different upper limits E s (1, 1.5, 2 and 2.5 V vs. SCE). From this figs we can observe the absence of the peak C 1 for the upper limits E s = 1 and 1.5 V vs. SCE. If we go from E s = 2 to E s = 2.5 V vs. SCE intensity of this peak increases, It can therefore assign the peak C 1 for the reduction of an amount of ions formed during the reactivation of the metal after the potential of 1.6 V vs. SCE.
Polarization curves of copper, zinc and brass electrodes obtained under the same working conditions with same surfaces are shown in Fig. 4 . The cyclic voltammogram of zinc electrode, plotted between − 1.4 and 2.5 V vs. SCE with a scan rate of 5 mV s −1 present in forward scan an intense anodic peak (E p = − 0.93 V vs. SCE) followed by wide passivation zone from − 0.92 to 2.5 V vs. SCE, which corresponds to almost complete blocking of the zinc surface. The polarization curves of copper and brass electrodes, drawn between − 1 and 2.5 V vs. SCE with a scan rate of 5 mV/s, have similar forms with the presence of an anodic peak at scanning go and two cathodic peaks in the scan back to the same places. It is clear that the current density in the case of copper greater than the brass, it is logic because of the copper surface occupied by actives sites of copper greater than the brass one.
So, through all of the above we conclude that the anodic peak A 1 related to oxidation of metallic copper on copper ions, the cathodic peak C 2 refer to the reduction of an amount of these ions, whereas the peak C 1 corresponds to reduction of oxidized species during the reactivation of electrode surface. The small peaks (A 2 , C 3 ) and (A 3 , C 4 ) can be attributed to two metallic impurities added in brass during the fabrication to ameliorate its characteristics.
The influence of the scan rate v on the anodic peak A 1 , was also studied. Figure 5 shows a set of voltammograms traced with different rates accompanied by the variation of the critical current density according to the square root of the scan rate. As seen, the current density i crit of the anodic peak and the Flade potential E f increase with the increase of the scan rate v (Fig. 5a ). The critical current density varies linearly with the square root of the scan rate v (Fig. 5b) according to the flow equation [34] . Which show the limitation of the process by the diffusional step.
Where is the anodic transfer coefficient, n the number of electrons transferred, C the bulk concentration and D the diffusion coefficient of the electroactive species. Figure 6 shows the evolution of abandonment potential E ab of the brass electrode according to immersion time in oxalic acid solution (0.2 M) in the absence and presence of organic inhibitor 2-MBI with different concentrations. In the absence of organic inhibitor, we can note that the curve shifts to the first time (8 min) − 100 to − 110 mV then stabilized around an average value of − 110 mV vs. SCE, this offset potential can be attributed to dissolution of the brass electrode after immersion in the electrolytic solution. However, in the presence of organic inhibitor 2-MBI, the abandonment potential E ab shows two different behaviors depending to the concentration of inhibitor 2-MBI (reproducible results). At high concentrations (0.5-1 mM) curve E ab vs. t shifts toward more positive values. This can be explained by the fact that the addition of inhibitor in notable quantity promotes the formation of a protective film of metal oxide on the electrode surface. Special concentrations of 2-MBI (0.05 and 0.1 mM) shift the obtained curves for the first time to more negative potentials. This shows that the addition of inhibitor in small quantity promotes dissolution of natural metal oxide. Figure 7 shows polarization curves of brass electrode in oxalic acid solution (0.2 M) in the presence and absence of 2-MBI. These curves were traced after immersion of work electrode in the electrolytic solution for 1 h with scan rate 2 mV/s; we can observe that the addition of organic inhibitor 2-MBI shifts the anodic branches and the cathodic branches towards more positive and more negative potentials, respectively. Shift values ΔE are outlined in Table 3 . This show clearly the modification of electrode surface after adding of organic inhibitor 2-MBI, which led to modification of overpotential of brass electrode. Figure 8 shows polarization curves I vs. E in semi-logarithmic scale (tafel curves) of brass electrode in (0.2 M) oxalic acid solution with absence and presence of organic inhibitor (2-MBI). These curves were drawn between a lower and higher potential (50-60 mV from the abandonment potential E ab and an anode or cathode terminal lower than, respectively). For the anode portion can be seen that the addition of organic inhibitor decreases the current density and shifts the curves to either anodic or cathodic values. For the cathode side, the polarization curves move towards the cathodic values under the effect of inhibitor 2-MBI.
The values of corrosion currents, corrosion potential and corrosion inhibition efficiency (E %) were outlined in Tables 4 and 5 respectively for anodic and cathodic sides inhibition efficiency (E %) was calculated by the flow relationship [35] : where i corr and i ′ corr are the uninhibited and inhibited corrosion current densities, respectively.
As we can see, the corrosion current decreases significantly when we added the organic inhibitor 2-MBI and the corrosion potential shifts to anodic and cathodic values from the abandonment potential. In addition, the corrosion inhibition efficiency extends 78% for all concentrations of 2-MBI inhibitor, its maximal value attained for the concentration 0.05 mM (more than 91%). Tables 4 and 5 gives i corr , E corr , E (%) and βa for anodic side and i corr , E corr , E (%) and βc for cathodic side respectively.
The fraction of the surface covered by adsorbed molecules of the inhibitor (θ) was determined by the ratio E%/100 in order to determine the adsorption isotherm type. The obtained data were tested graphically by fitting to various isotherms. The plot of C/θ against the inhibitor concentration (C) for anodic and cathodic sides yields straight lines with correlation coefficients equal 0.99 (Fig. 9) and slopes of 1.15 and 1.19 respectively for anodic and cahodic sides, which shows that 2-MBI was adsorbed on the brass electrode according to Langmuir isotherm meaning the formation The equilibrium constant K of the adsorption reaction was also determined K anodic = 10 5 and K cathodic = 7.5 × 10 indicates that 2-MBI strongly adsorbed on the brass surface. Also, these values are relatively inferior to 40 kJ/mol indicating physisorption of 2-MBI molecules on the brass surface [37, 38] . Moreover, the inhibition of copper alloys by azole compounds is often explained by the formation of Cu 2+ -azole complex ions adsorbed at the metal surface [39] [40] [41] .
In the case of an electrochemical process limited only by the electronic transfer, it is possible to determine directly the transfer resistance R t . This resistance can give information on the speed of electrons transfer. Figure 10 presents the variation of the current density according to the overpotential of brass electrode in contact of oxalic acid solution in the absence and presence of organic inhibitor 2-MBI. Imposed overpotential is of ± 10 mV. Table 6 gives the values of polarization resistance for various immersion times for each concentration of organic inhibitor calculated using the Stern approximation. Generally, it is clear that the polarization resistance increase after addition of inhibitor and passes by its maximum for a certain concentration of organic inhibitor (0.5 mM). Protection rate of electrode surface in the case of 80 min immersion time is about P% =
Measurements of impedance present in this part are carried out with the abandonment potential which measuring after 1-h immersion of work electrode in the study medium. The Fig. 11 represents the Nyquist (− Z im , Z real ) with the bode [(log Z) vs. (frequency) and (phase) vs. (log frequency)] diagrams, traced in the absence and presence of various concentrations of organic inhibitor 2-MBI between 100 kHz and 10 mHz. The impedance diagrams (Fig. 11a) , presents two distinct zones: a loop at high frequency which is generally related to the charge transfer process. At low frequency, the line obtained can allot to the diffusion phenomena of active species. The diameter of the half-circle corresponds to charge transfer resistance. Table 7 gives values of electrolyte resistance R el , charge transfer resistance R tc and double-layer capacitance Cd for each 2-MBI concentration. Generally, the diameter of the obtained loop increases with the increase of concentration in organic inhibitor (2-MBI). Largest charge transfer resistance was obtained for 0.5 mM concentration of 2-MBI with an inhibition rate of about:
On the other hand we can see also the decrease of double layer capacitance with adding of 2-MBI inhibitor, its minimal value was obtained for 0.5 mM concentration of 2-MBI meaning the optimal protection of electrode surface of this concentration.
In the bode curves we can see that the addition of organic inhibitor 2-MBI increases the value of the impedance module especially in the low frequencies and the phase also which can be attributed to the formation of a protective film on the surface electrode. The response of a system in variations of imposed frequency, can be represented by an equivalent electrical circuit which brings into play various contributions corresponding to the various frequency bands, on the first hand, the resistance of electrolyte and on the other hand of the faradic impedance which includes the charge transfer resistance and the capacity of double-layer. From the Nyquist and bode representations we can represent our system by a simple electrical circuit containing a capacitor present the capacity of double-layer in parallel with a resistance present the charge transfer resistance in series with another resistance present the resistance of electrolyte.
Conclusion
We have studied in this work the concentration influence of organic inhibitor 2-MBI on electrochemical behavior of brass (Cu-40Zn alloy) electrode in oxalic acid solution (PH = 1.18) at ambient temperature using divers electrochemical methods. According to experimental results we have obtained that the electrochemical behavior of brass is similar to the copper one in the same working conditions, there is no complexation phenomenon between the brass and the oxalate. Electrode surface presents two different electrochemical behaviors according to the concentration of organic inhibitor (2-MBI). 2-MBI strongly physisorbed on the brass surface according to Langmuir isotherm. The optimal concentration of 2-MBI inhibitor for the brass protection is (0.5 mM) which gives a protection rate exceeds 89%.
The importance of this work boils down to know the electrochemical behavior of brass (Cu-40Zn) in acid medium with the presence of oxalate in order to protect it against the corrosion as well as to know the concentration effect of organic inhibitor to investigate the optimal concentration for protection, also to know the adsorption mechanism of this inhibitor on the brass surface, this work can help to protect 
